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t.hen indicate the possibility of the presence in argon 
of some small quantity of element 84 or element 132. It 
is remarkable, also, that if helium has the atomIC weight 
4, it falls llatul'ally in this group, and that its atomic 
�veigbt deduced from the observed density is somewhat 
greater tban this number. If ttJis difference should be 
due to the presence of some small quantity of element 
8 4, tben tho spectroscopic evidence lelJding to the con
clusion tha t argon and helium contain a common con
stituent would be explained. 

[NATURE.] 
THE ELECTRICAL MEASUREMENT OF 

STARLIGHT. 

to bring the point, A, to the position of the image of pared The photometric method of equalization seems 
a star. to be just as meaningless as the ordinary "grease 

This is the form of photoelectric cell with which, in I'pot" method of attempting to equalize a blue and a 
conjunction with Prof. Fitzgerald and Mr. W. E. red light I In this case the only intelligible comparison 
Wilson, I measured the electromotive forl'es of the of two lights consists in measuring the energies which 
lights of Jupiter, Saturn, Vega" Arcturus, Regulus, they radiate per unit time per unit area at a given dis
Procyon and some other stars last April, in Mr. WH- taTI!�e-just, for example, as Newton's second axiom 
,;;on's observat.ory at Daramona. Westmeath. The ·defines two masses to be "equal" when the same force, 
telescope used was Mr. Wilson's 2:feet reflector. . produces the same acceleration in both; an equality 

In order to give a notion of the sensitiveness of the which is real if the substratum at the basis of all 
cell to light, I may say that if /l.n ordinary paraffin bodies is the same, but merely conventional if it is 
candle is held at a distance of 9 feet from the window, not. 
Q Q. ii will produce an electromotive force of about If the distance of a star i::; known, we can .1etermine 
0'03 vo!t; or, to put the matter differently, suppose its intrinsic energy, i. e., the quantity of energy which 
an ordmary quadrant electrometer, of Clifton's pat- lit radiates into all space per 'unit time.' 
tern, charged so that a Daniell cell gives a deflection' Thus, let I be the intrinsic energy of a star whose 

THAT the light of a star is able to produce at the of 400 �ivisions on the o!dinary scale (placed at a distance from the earth is R: let E be the electromo
surface of the earth a measurable effect, other than ,me�er dIstance); then the.light of the c�n dle at 9 feet tive force of its light as measured by the cell; let i, r, 
the action on a photographic plate, is a fact which ;falling on t�e. �hotoelectflc cell wo�ld gIve. a deflection e be the analogous quantities for a candle or any other 
was published in these pages in January last year. 'of twelve dIVISIons, and the deflectIOn varIes inversely chosen source of light ; and let A and a be the areas of 
The light of stars and planets produces two effects- as the distance of the candle. the aperture of the telescope and the selenium surface 
the one photographic and the other electric. The fir st Now the light of Vega as concentrated in the 2-feet in the cell. Then we have 
-which has, of course, been known for many years-· telescope gives a slightly greater deflection than the I R2 E2 a is slow in its operation; the second-which was dis- (of course unconcentrated) light of the candle ;. so that _ - _._._ (3) covered only a year ago in Mr. Wilson's observatory at we are evidently dealing with easily measurable quan- i 
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Daramona, West meath-is almost instantaneous. tities. . . 

In order to ohtain the electrical effect. a photo- The cell is sensitive to all the rays of the f>pectrum, Let us take, for example, a result which Prof. Boys 
electric cell of extremely great sensitiveness to light but the maximum effect is produced by the yellow. recently told me that he had obtained. He found, in 
is employed. Such a cell is.constructed with selenium, It is sensitive to ravs considerably below the visible conjunction with Mr. Watson, of South Kensington, 
aluminum, and t,be liquid renanthol. If we take a red and beyond the blue. . that if the ligbt of a standard candle was observed 
strip of clean aluminum-say half an inch long one. The light of Arcturus was found to give 0'82 of the across a valley and almost in a line of sigbt of Arc· 
t.enth of an inch wide, and thick enough to be fairly E, M. F. produced by the candle at 9 feet; the light of turus. the light of the candle and that of the stat 
stiff-lay it on an iron plate which is heated by a Bun- Saturn, 0'56 which was also about t,he value of tbe, seemed to be equal when tbe candle was at a distance 
sen flame, and I>lace on the end of the strip a verv ligbt of Regulus. Unfortunately neither Sirius nor of five-eightbs, or 0'625 of a mile. 
small particle of selenium, this selenium will melt ana Capella, nor any star in Orion, nor any in the Great Now, let x be the distance at which the candle light 
form a small black globule of liquid. Let the flame be Bear, wa� available for our observations; but these seems to be as bright as that of the star. Then 
now withdrawn, and the globule of melted selenium we hope to include, before long, in the list of meas- I i' spread over the end of the aluminum strip, by llleans ured stars. - . (4) of a hot glass rod, so that it forllls a thin 'uniform It will be observed that in this electrical measure- W -;.', . . ............ .... ...... .... , ... ... . 
layer of area about 0'1 of an Inch square on the end ment of starlight we do not measure currents, but 
of the strip, and let this dark layer cool to a few de· . electromotive forces-we do not use a galvanometer, And if D and d are the diameters of the telescope 
grees below its melting point (about 217" C. ) Nowap- but an electrometer; and an electrometer of small ca· averture and the circular layer of selenium in the celt. 
ply heat again to the under surface of tbe iron plate pacity was specially constructed for these experiments we have from (3) 
until tbe aluminum strip becomes nearly hot enough with the aid of the gOvernment grant dispensed by 
to remelt the layer of selenium. In this process the the Royal Society. eD 

x=r- ... ... . . ..... .......... (5) 
E d  color of the layer will gradually change from black to I t  i s  not desirable to allow the li�ht t o  generate cur· 

a grayish brown. When it is just on tbe point of melt- rents; the electrical charges must be allowed to flow' 
ing, withdraw the heat and blow over its surface; this back into the cell, so that it may not. be temporarily Put, now, r = 9 feet, e = 10, E = 8'2, D = 24 X 25 
will instantly check the tendency to melt, and will deteriorated during the observations. Hence the pre- .millimeters, d = 2 mllJ., as in our experiments, and we 
leave the surface of the selenium in the state in which ference for the electrometer. find 
it is most sensitive to light. If this strip (or ratber its The s pace at my disp0Eal will not allow of my enter· 
selenium-covered end) is'immersed in a glass tube con- ing into many details; but I may mention, in particu· 
taining acetone or cenanthol, and connected with one 

x = 3, 300 feet, nearly 
= 0'62 mile. 

This agrees remarkably well with the observation of pole of a quadrant electrometer, whose other pole is 
connected with a platinum wire sealed into the glass 
tube, we have a photoelectric cell, in which the action 
of light falling on the selenium layer results in giving 
the selenium a positive electric charge and the liquid 
a negative one, the former charge being conveyed' to 
one pole of the electrometer by the aluminum plate, 
and the latter to the other pole by the platinum wire 
sealed into the cell. 

R<;mghly speaking. the difference of potential pro· 
duced in such a cell as this by ordinary diffused day
light is something between one-third and one half of 
a volt. 

Such were the seleno-aluminum cells used in the 
measurement of starlight in January, 1894, the liquid 
in them being cenanthol. This liquid was found to be 
better than acetone (which had been prevjously used),. 
not only because of the greater ease witb whicb it can 
be sealed up in glass tubes, but because it does not act 
chemically on selenium, which aceton e seems to do 
sooner or later. But it is obvious that a cell formed in 
this way contains an element of inconstancy ; for, the 
strip of aluminum will at the same time convey to the 
insul/l.ted pole of the electrometer the positive charge 
generated by light in the selenium and a portion of 
the negative charge imparted to the liquid, so that the 
effective E. M. F. is less than it should be; and, again, 
there will be currents circulating perpetually between 
the. selenium and the back of the aluminum strip, and 
snch currents deteriorate the cell: Hence it happened 
tbat such cells always fell off in strength after about 
six hQurs. They sufficed, however, to show very easily 
measurable electromotive forces from the light of the 
planets, and even from the light of Sirius. 

Shortly after January, 1894, a very notable improve· 
ment was made in the construction of the cells, this 
improvement resulting from the perception of tbe 
caUse of deterioration above explained. Instead of a 
strip of aluminum as a base for the selenium layer, the 
end of an aluminum wire, about one millimeter in dia· 
meter, was used. This wire was inclosed in a glass 
tube (A, B, in the figure), into which it fitted tightly, 
one end of the wire being flush with an end of the 
tube. On this end was deposited the layer of selenium, 
with the same process of heating as that already de
scribed. The other end of the aluminum wire inside 
the glass tube was connected with a fine platinum 
wire, P, which emerged from the second end of the 
tube, and which formed the selenium pole of the photo· 
electric cell 

In this way the liquid is kept out of contact with the 
aluminum wire, and the deteriorating local currents in 
the cell are avoided, if the glass tube exactly fits round 
the aluminum wire; but this desirable result has not 
yet been perfectly attained, the liquid finding its way 
into the tube after some considerable time. However, 
in this way have been constructed cells which have re
mained constant for about three weeks. 

In the figure, C C is a cork in which the glass tube, 
B, containing the aluminum wire at the end, A, and 
the attached platinum wire, fits, this cork fitting 
tightly into the side of the glass cell which contains 
the liquid. The tube. B, passes close up to a quartz 
window, Q Q. cemented to the cell opposite the cork, 
C C. The light of the star IS received on the window. 
Q Q, and is made to fall on the selenium layer at the 
end, A, of the tube, B. A platinum wire, P', is sealed 
into the bottom of the glass cell, and conveys the 
charge taken oy the liquid to one pole of the electro
meter, while the platinum wire, P, conveys the charge 
taken by the selenium to the other pole of the electro
meter; S is a ground stopper at the top of the cell, 
where the liquid is poured in. 

Tb'IS cell is fitted into a holder which can be fixed 
to a telescope in place of the eyepiece; and this cell 
holder allows of the adjustments which are necessary 

lar, the importance of having the whole of the sensi· 
tive surface in the cell covered by the light of the star. 
It matters not to the value of the E. M. F. produced 
how far behind the focal image of tbe star the sensi· 
tive surface, A, is placed-provided that the image of 
the star just covers the surface, A. This is essential in 
all photoelectric cells, and also in thermopiles; and 
the neglect of this condition may partly explain the 
failure of attempts to obtain thermoelectric indica
tions from the stars and planets, although we should 
scarcely expect success from methods wbich aim at 
measuring merely a very limited portion of the radia
tion, viz., the heat or infra red. The photoelectric 
cell integrates the Whole energy of the radiation on 
the sensitive surface; and the square of the observed 
E. M. F. is the measure of this incident energy. 

It is interesting to know how the photoelectric 
measures, so far as they bave gone, compare with the 
photometric measures of "magnitudes" hitherto em
ployed by astronomers. In the latter, if Band B' are 
the "brightnesses" of two stars of the magnitudes 
m and m' respectively, we have by definition 

B 4 
log,. -= - (m' -m) . . . . • • •. . . • . . . • • • • • • • . • . (1) 

B' 10 

Prof. Boys. GEORGE M. MINCHIN. 

ELECTRIC MINING PLANT. 

THE operation of mining machinery by electricity 
avoids in so many cases a great deal of difficulty and 
loss of efficiency that the rapid extension of this mode 
of working is not surprising. The Engineer, London, 
says: The electric power plant erected at the Margaret 
Pit for Lord Durham is a good example of the appli
cation of electricity to the various purposes for which 
power is required in a colliery, and is one of the most 
complete installations which has been running for any 
length of time. This system of power transmission 
lends itself particularly well to mining work where 
winding, hauling, pumping, etc., have to be performed 
at a considerable distance from the top of the pit. and 
this class of work has generally been done by horses, 
continuous ropes, compressed air, and even by steam 
engines in some cases, the boilers being a long distance 
along the roads from the bottom of the shaft to the 
workings. At Margaret Pit, where the machinery was 
put down by Messrs. W. T. Goolden & Company-now 
Messrs. Easton, Anderson & Goolden, Limited-the 
generating .. plant is placed in a fine eIlgine room 
seventy yards from the top of the shaft. The two en· 
gines are by Messrs. Willans & Robinson, and are 
of the H. H. size, eacb developing about 114 indicated 
horse power, at 320 revolutions per minute. The en 
gines are arranged one at each end of a line of shaft
ing, and either engine can be connected to it by a 
clutch, which consists of a coupling disk sliding on 
the sbaft having four projecting pins which enter four 
corresponding holes in the engine fly wheel, and can 
be drawn out when power from the engine is not 
wanted. The dynamos are driven by link belts from 
the shafting, and are four in number, two being wound 
for high volts for power tralJsmission, and two, which 
are .of a smaller size, being used for exciting and light· 
ing at the bank and at the pit bottom. 

The power dynamos are of the Goolden C. G. type, 
having Gramme armatures, and are fitted with carbon 
brushes. Each machine is capable of giving at 780 volts, 
79 amperes at 500 revolutions per minute, and is sepa-

This equation defines merely the difference of the rately excited. The lighting dynamos are of tbe 
magnitUdes, and the definition is quit.e arbitrary. Goolden 9 F. D. type, with drum armatures, and are 
The essential things are B and B'. How are they' compound wound. each giving at 100 volts, 90 amperes 
measured? The photoelectric method says that they. at 1,200 revolutions per minute. Tbe current from the 
are E2 and E'2, the squares of the electromotive forces dynamos is taken to two fine switch boards, one for 
generated in a given cell by the lights of the two the lighting circuits and tbe other for the power mains, 
stars. The photometric method says that they are the latter bein/!, 1:;0 fitted that there is no fear of any 
measured by the thicknesses of certain interpoEed one getting a shock, as all switches are inclosed so 
glass prisms which extinguish the lights, or by 'polar- long as the power is on. the act of switching on boxing 
izing apparatus which render the shades of the trans· up the switches. Tbe lighting consists of arc and in
mitted lig�ts "equal." Hence we may expect, per· candescent lamps at the bank, and incandescent lamps 
haps, a fair amount of agreement between the two at the pit bottom. Toe pit bottom is an extremely 
methods, if we are comparing two or more stars of the fine one, with plenty of head room, and is arcbed over 
same color. Thus, in the photoelectric method, we with white glazed bricks, whicb, with tbe electric 
have for any two stars light, gives it more the appearance of a railway station 

tban a coal pit. E The origin'al electric power plant consists of a pump, m' - m  = 510g,.- ............ ..... ....... (2) t' h I' . th I F' a con muous au Ing engme- e genera arrange-
ment being sbown by the engraving-and a wind· 

Applying this to Arcturus and Regulus, and taking ing engine. A small pump has since beenl>upplied by 
tbe magnitude of the former as 0'2. we find the magni- the same makers. Tbe distances are as follows: From 
tude of Regulus to be 1'33. In Miss Clerke's" System generating station to top of shaft, 70 yards; depth of 
of the Stars" (appendix), Regulus is quoted as 1'4, shaft, 230 yards: bottom of shaft to distributing cen
Arcturus being 0'2. ter, 387 yards. The cable,; here fork, Olle part leading 

Comparing in the same way Procyon and Regulus, to the pump, which is at a lower level and is 650 yards 
the latter being taken as of magnitude 1'33, the mag- away, tbe other on to the hauling engine, 1,290 yards, 
nitude of Procyon would be 0 46. Miss Clerke quote� and from hauling engine to winding engine, 1,300 yards. 
Procyon as of magnitude 0'5. The total distances from the generating station are: 

But no agreement between the two methods is to be. Pump, 1.337 yards; .hauling engine, 1,977 yards: wind· 
expected when two stars of ditfen:nt l101<;'1'1i !;\CQ CQm· ,I lug engine, 3,277 yards. The pump is of the horizontal 
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three'throw ram type, driven through double helical 
gears by a Goolden O. G. motor, baving a Gramme 
armature and carbon brushes, inclosed in gas tight 
cpvers. The following test ot this pump, taken in 
place, is of interest; Water pum p per minute, 178 gal-

Ions, head 257'5 feet, volts 580, amperes 23, giving an 
efficiency = 

Water horse power 
---- X 100 = 78 per cent. 

l<:Jectrical horse power 

The hauling engine is driven by a Goolden motor, 
having a Gramme armature and carbon brushf-'s in
clused in gas t ight covers. This is shown by the en
graving, The coptinuous rope is worked by a Hurd 
clip pulley through double helical gears driven 

ELECTRIC GEAR DRlVEN CONTINUOUS ROPE HAULING ENGINE. 

ELECTRICAL GEAR DRIVEN THREE THROW MINING PUMP. 

ELEC'l'RICAL GEAR DRIVEN WINDING ENGINE . 

IMPRO VED ELECTRIC MINING MACHINERY. 

© 1895 SCIENTIFIC AMERICAN, INC. 



SCIENTIFIc AMERICAN SUPPLEMENT, No. 1024. AUGUST 1", 1�95 

by a motor taking 610 volts, 58 amperes, at 650 revolu
tions per minute. and which is shunt wonnd, so that 
the speed varies very little with changing loads. When 
tested with a Prony brake, the ratio of power applied 
to the rope to the electrical power supplied to the 
motor was found to be 72'8 per cent. when supply
ing 25'5 horse power to the rope. The winding en
gine is used on a "staple" or !'hort shaft leading from 
one seam to another, and has two winding drums, 
each raising a cage, so that the weight of the cages is 
balanced. 

'l'he llIotor is of the Goolden 0 G. type, shunt 
wound, with carbon bru�hes and gas tight ('over!'. It 
is regulated by a reversing switch, actuated by a lever 
as on a locomotive, the variations of speed, starting 
and stopping, being all done by the same lever. The 
drums are driven by double helical gears, and brake 
drums are cast solid on the flanges of the rope drums. 
All switches are inclosed in gas tight cases, and where 
shunt machines are used, as in the hanling and wind
ing enghIPs, the fields are disconnected by a double pole 
switch, which inserts a non-inductive resistance in 
parallel with the fields before breaking, and leaves it 
connected, so that the extra current can die down with
out an excessive potential being raised. As a matter 
of fact, the 600 volt shunt fields are thus broken with
out a spark. These switches are interlocked, so that 
the armature current cannot be switched on until the 
fields are excited. 

We are indebted to the Engineer, London, for the 
foregoing particulars and for our illustrations. 

[FROM ENGINEERING.] 
THE ROTATION OF THE EARTH. 

By M. F. O'REILLY, D.Sc. 
THE pendulum experiment associated with the name 

of Foucault was made in Paris in 1851. The object 
which the distinguished investigator had in view in 
devising it was to furnish a di"ect proof of the daily 
revolution of the earth round its axis. This rotational 
movement wa�, of course, not called in question, being 
supported, a!' it is, by a body of evidence that needs 
but to be considered in order to command belief. 

There is, for instance, the analogy argument derived 
from the ob:-erved rotation of the sun and planets. It 
could not reasonably be supposed that the earth would 
be exempted from the law to which every other mem
ber of our system is subjected. Indeed, such axial 
immobility on our part would lead to consequen<'es of 
a startling nature. The succession of day and night 
would inexorably demand the revolution round us of 
all heavenly bodies, be they near as Mars and Venus, 
distant as Neptune. or remote as the stars of the Milky 
Way. They would have to effed their daily cycle 
round us as if held together by rigid, even though un
imaginable bonds. Without exception, they would all 
revolve with the selfsame, nniform angular velocity. 

When from angular we pass to considpr the linear 
velocities which such geocentric revolution would re
quire, we meet numbers not only startling, but appal
ling indeed. We would thus find our lIearest stellar 
neighbor a Centauri* whirling by with the velocity of 
light; the iuteresting 0' Lyrre would be devouring its 
way still more pagerly. while the speed of the far off 
worlds, that only just succeed in recording their exist
ence on a photographic film, baffles conception. 

Terrestrial as well as celestial mechanics also furnishes 
unanswprable arguments against our axial quiescence. 
Daily experience shows that small masses revolve round 
large ones, and not vice versa. It is therefore no less re
pugnant to common sense than contrary to t.he funda
mental facts of dynamics to suppose that the sun, 
giant planets like Jupiter, and vast orbs like Sirius, 
are compelled to revolve round our small planet. 

Again, the ellipsoidal figure of the earth points to 
rotation as the cause of its departure from perfect 
sphpricity ; and the same axial revolution is needed to 
explain the difference known to exist between the ap
I>arent and the absolute value of gravity at any place. 
This difference t amounts to 0'1112 ft.-sec. t at the equa-

v· 
tor, llnd. IS precisely the diminution -produced by the 

r 
central reaction properly called centrifugal force, cal· 
(mlatpd on the assumption that the earth turns on its 
axis once in twenty-four hours. 

,. Itsneame�s may be inferred from the fact that its light t akes4� years 
toreaeh us. 

t The absolute g at the equator is 32'201 ft.·sec.' ; the appareut g is 
82'08\l8 ft. sec.' 

A careful scrutiny of the path of falling bodies diS-I' As the last two act along the wire in opposition to 
closes another peculiarity attributable solely to rota- eaCll other, we have at any moment but two directions 
tion. It is noticed that when the fall is cousiderable, 

I 
to consider. These determine a venical plane in 

the point which the body reaches is perceptibly dis- space, and it ,is in this plane that the pendulum ef
pla('ed from the vertical. Experiments of this kind fects its oscillations with um'arying precision as to 
were attempted in several countries; those that com-

I 
time and position.* 

mand the greatest confidence were made in 1832 by The rotation of the earth gives rise to no force capa
Reich in one of the mines near Freiberg, in Saxony. , ble of deflecting or turning this plane round a vertical 
He selected a shaft 520 ft. deep, and in it conducted a \ axis. Whence it follows that, once determined by the 
series of 106 observations. In every case the deviatIOn initial circulllstances of motion, it will undergo no va
was unmistakably tOWArd the east, its average value riation other than that involved in its being carried, 
being 1'114 in. Calculation gave 1·087 in. equally with all its surroundings, round the diurnal 

Such observationI.' show that tbe trajectory of bodies circle of the place of observation. The horizontal 
falling from a height under the action of gravity is not table is indeed turning round a vertical axis, unno
a straight line, but an arch of an attenuated parabola. ticed by the spectator; but not so tbe plane of oscilla
The curved character is due to the excess of the easterly tion; it continues throughout to be absolutely unaf
velocity of the point of departure over that of the point fected by any 8ucb motion. 
of arrival. It frequently happens that casual observers of the phe-

The experimental demonstration of the earth's ra- nomenon, finding the last statement difficult of belief, 
tation devised by Foucault is of much readier applica- look about for sOllie simpler mode of explanation. Thev 
tion. The method is original, the apparatus simple, are not long in discovering one. With emphatic as
the results conclusive. No doubt the young French surance they account for everything by saying that 
physicist caused some astonishment in professorial the pivot revolves, and, in revolving, carries the plane 
circles when he announced that a heavy mass, swing- round with it. Now, the pivot in our case, as Fig'. 1 
ing like a pendulum, could be made to show: shows, is a mere point supported by a steel cup. Even 

a, that the earth does rotate ; if this cup, on account of its attach mt:nt to the ceil-
b, the direction in which it rotates, and ing, be forced to rotate, a moment's reflection will suf-
c, the speed with which it. rotates. fice to show that it has no power whatever to coerce 

But Foucault, thougtl only 32 years of age at the point and the heavy pendulous mass into accom
the. time, had alreadv done remarkable work. In panying it. 
1845, he daguerreotype'd the sun, thereby inaugurat- Others, with greater plausibility. affirm that the bob 
ing the era of celestial photography. In 1849, he de- and the wire must rotate round their common axis for 
!<cribed the darkening of the D line in the spectrum of the very same reason that the ta ble does. This we 
the electrie arc when crossed by a solar beam, being concede only to have the opportunity of saying that 
thus throbbingly near discovering the eagerly sought even such rotation would li:lake no imI>1'ession on the 
rationale of spectrum analysis. In 1850, he measured position of the plane of oscillation. To realize this, 
within the limits of hi!! work room (1) the velocity of suspend a ball by a thread and set it swingingo, taking 
light. At the same time be confirmed the theoretical de- care to observe the arc in which it vibrateI'. Then stop 
duction that a ray should be delayed in traversing a it, twist the thread, and start it precisely as before. 
dense mediulll such as water, and succeeded in show- The ball will now spin round the thread, but will keep 
ing that the amount of retardation is precisely that accurately to the same arc of vibration as before. The 
required by the wave theory. This memorable piece oscillation and the spin coexist, but without mutual 
of scientific work is held uni versally to be coequal in im- interference. 
portance with Fresnel's crucial test of the wave theory The irrotational character of the plane of vibration 
oflightas well as with the brilliant prediction of conical round a vertical axis being established, let the pendu-
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Fig. 4-. 

refraction by Sir William Hamilton and its 
me'ltHl verification by Dr. Lloyd. * 

experi- lum be drawn aside and tethered as in Fig. 1. This 
is the usual way of starting it, the impUlsive method 
presenting practical difficulties. When perfectly at 
rest, the thread is b:unt, and the bob starts off accu
rately (we shall suppose) on its course. In every beat 
the projectIOn of the pointer will coincide very nearly 
with a diameter of the horizontal circle. If the earth 
were stationary, this diameter would be the same from 
start to finish; but it is not. The north end of the arc, 
Fig. 2, seems to move slowly round toward the east 
side of the table. This is the Foucault phenomenon, 
and we shall now see that it is a direct result of our 
own axial rotation. 

'rhe publication of such results enhanced Foucanlt's 
reputation and won for him, in due time, the distinc
tion of foreign member of the Royal Society. 

The announcement, therefore, of his novel demon
stration of the earth's rotation excited considerable ex
pectation. The equation of motion of the pendulum 
was of peculiar interest to mathematicians, even 
though they were unable to solve it completely on ac
COUllt of the formidable difficulties it presents. Phy
sicists took up the resulting integrals and promptly 
submitted them to the test of experiment. The pendu
lum was found to be as sound in prtnciple as satisfac
tory in its performance. 

'l'his very suggestive experiment has recently been 
repeated in Trinity College, Dublin, and in De la 
Salle Training College, Watflrford. The details of the 
latter are pefore us, and to them we shall refer in the 
following brief exposition of the phenomenon, and 
elementary dynamical principles, of a Foucault pen
dulum. 

A general view of t.he Waterford apparatus is given 
in Fig. 1. The bob weighs 19 lb., and hangs from a 
steel pivot by a wire 37'5 ft. long. When started accu
rately by a blow through its mass center, the pendulum 
swings to and fro. making 50 complete oscillations of 
1 deg. amplitude in 339 seconds.t 

The forces called into play are 
a. The weight of the vibrating mass acting down

ward. 

Fig. 4 shows the table in three positions, each sepa
rated from the other by a brief interval of time. It is 
carried round from west to east as the arrow shows; 
but not, however, by a parallel motion of all its part!', 
for it will be observed that, a point anywhere on its 
southern edge will move eastward a little faster than 
the point diametrically opposite. This is equivalent 
to saying that, while the taLle is carried eastward by 
the rotation of the earth, it Iturn8 round in its own 

plane with a movement eqnal to this diffprpnce. Since 
the southern edge has the g'reater linear velocity, the 
direction in which the table will rotate is from east to 
west pasl'ing through north, i. e., counter-clockwise. 
See the arrow in Fig. 1, also in Fig. 5. 

It. is not the pendulum, then, that swings round to
ward the east. but it is the table Uself that slowly 
and imperceptibly turns in the opposite direction. 

b. The extra pull ( m :2) on the pivot, 

circular motion : and 
c. The reaction of the pivot. 

The long Stl aight lines in Fig. 4 are tangents drawn 
throngh the middle of the ta-ble, meeting the earth's 

due to the axis, produced, at P. By joining C with this middle 
point, it will be readi'!y'seen that the Jocus of P is such 
that the angle C P W is equal to the latitude of the 
I place. 

If the pendulum is started in the meridian as shown 
at W, the plane of vibration, having undergone no ,. Both of TriuityCoUege, Dublin. 

t An approximate value of the intensity of gravity may be deduced from 
these data. For 

t = 2 .,,\/� (1 + J!j, sin' 8), 
g 

whence g = 82'205 ft.·sec.· 

Clalrault's formula is 
g = G (1 + u'OO5IS sin' A.). 

Applying it to Waterford, we get 

g = 32'19 ft.-sec.' 
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rotation whatever round a vertical axis, will be repre
sented by the dotted lines, and the displacement of the 
table by the angle between the dotted diameter and 
the corresponding tangent. This angle, evidently, 
increases with the time. 

If the experiment were made in a lower Jat,itnde than 
Waterford, the angle C P W would correspondingly 

J • The time is Indeed subject to an increment of change, which, in the 
most favorable circumstances; might amount to one .econd in a century. 
It Is due to the component Cn of the axial rotation. See infra. 
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